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ABSTRACT A AgtlO bovine brain and a Agtll bovine
heart cDNA library were screened with oligonucleotide probes
corresponding to partial protein sequences directly determined
from the isolated 51-kDa subunit of the bovine respiratory-
chain NADH dehydrogenase. Clones were isolated that encode
a protein of464 amino acids containing all the 11 partial tryptic
peptide sequences determined from the 51-kDa subunit. The
size and amino acid composition of this protein agree with those
determined for the purified 51-kDa subunit. Furthermore, this
protein contains a putative NADH-binding domain, a possible
FMN-binding site, and a putative binding site for an iron-sulfur
duster. The above evidence indicates that the cloned protein is
the 51-kDa subunit or its precursor. A search for sequence
similarity with proteins in the Protein Identification Resource
data base has revealed that the 51-kDa subunit has 32% amino
acid sequence identity with a major portion of the a subunit
of the soluble NAD+-reducing hydrogenase from Akaligenes
eutrophus. In particular, there are three segments of high
sequence similarity (70-88%) between the two proteins which
correspond to the three ligand-binding sites.
The NADH:ubiquinone oxidoreductase or rotenone-sensitive
NADH dehydrogenase (EC 1.6.5.3) is the first enzyme of the
mitochondrial respiratory chain (for a review see ref. 1). The
molecular genetic analysis of this enzyme complex (complex
I) started a few years ago with the discovery that 7 of the -25
subunits of the human enzyme (2, 3) and 6 of the -22 subunits
of the Neurospora crassa enzyme (4) are encoded in mito-
chondrial DNA. Recent efforts have been directed toward the
cloning and structural analysis of nuclear-encoded subunits of
the flavoprotein and iron-protein fragments of the enzyme. Of
the 3 polypeptides that constitute the bovine flavoprotein
fragment-i.e., the 51-kDa, 24-kDa, and 9-kDa subunits (1,
5)-the cDNA for the 24-kDa subunit has already been cloned
(6, 7). Similarly, of the 6 polypeptides identified in the iron-
protein fragment (1), the cDNAs for the 49-kDa (8) and the
75-kDa (9) subunit have been cloned.
In the present work, the cDNA for the 51-kDa subunit of
the flavoprotein fragment has been cloned by screening
cDNA libraries with oligonucleotides corresponding to par-
tial protein sequences directly determined from the isolated
subunit.* A search for sequence similarities with proteins in
the Protein Identification Resource data base has unexpect-
edly revealed the existence in the 51-kDa subunit of regions
strikingly similar to segments of the soluble NAD+-reducing
hydrogenase of Alcaligenes eutrophus (10).
MATERIALS AND METHODS
Isolation and Sequence Analysis of the 51-kDa Subunit.
Complex I was isolated from bovine heart mitochondria
according to Hatefi et al. (11) and resolved by perchlorate
into the flavoprotein fragment, the iron-protein fragment, and
the hydrophobic protein fragment, as described (12). Since
preliminary tests indicated that the NH2 terminus of the
51-kDa subunit was blocked, the sequence of internal pep-
tides was analyzed. Two hundred micrograms of the flavo-
protein fragment was electrophoresed in an SDS/polyacryl-
amide gel, and the separated proteins were electroblotted
onto nitrocellulose (Schleicher & Schuell; 0.45 ,um), with
20% methanol/0.195 M glycine/25 mM Tris, pH 8.3, as
transfer buffer. The nitrocellulose filter was stained with
amido black, the region where the 51-kDa subunit was bound
was sliced out, and the bound protein was digested on the
matrix with trypsin (13). The resulting peptides were sepa-
rated by HPLC (13) on a Vydac C4 column (150 x 2.1 mm)
in a Waters peptide analyzer, using a trifluoroacetic acid/
acetonitrile buffer system (14). Prominent peptides were
sequenced on an Applied Biosystems model 477A sequena-
tor, using standard protocols. Table 1 shows the sequences of
the peptides thus determined.
Oligonucleotide Synthesis. Some of the determined peptide
sequences of the 51-kDa protein, which had a relatively low
codon degeneracy, were used to design mixtures of oligonu-
cleotides for library screening (Table 1). The minimum dis-
sociation temperatures were estimated as described (15).
Inosinic acid (I) was substituted, whenever possible, for
deoxyguanylic acid, deoxyadenylic acid, and thymidylic
acid, since I can base-pair with C, T, and A (16).
Isolation of Clones. Two libraries, a Agtll bovine heart
(Clontech) and a AgtlO bovine brain library, were screened
with a gel-purified 256-fold degenerate 26-mer, correspond-
ing to the peptide sequence K (Table 1), labeled with
[y-32P]ATP (Amersham) and polynucleotide kinase (Boeh-
ringer Mannheim). Duplicate nitrocellulose filter (Schleicher
& Schuell) replicas from plates were treated according to
standard protocols and then hybridized with the synthetic
oligonucleotides (0.6 pmol/ml) for 16 hr at 56°C, as described
(7). Seventeen positive clones thus isolated from the AgtlO
library and five positive clones isolated from the Agtll library
were rescreened with the oligonucleotide mixtures corre-
sponding to peptide sequences G and J in Table 1, and,
respectively, the oligonucleotide mixtures corresponding to
peptide sequences A and B, at temperatures 5°C below the
minimum dissociation temperature of the mixtures. Phages
were purified and the recombinant A DNA was isolated as
described (17). The inserts were excised by digestion with
EcoRI, purified by electrophoresing them directly onto
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Table 1. Sequences of tryptic peptides from the 51-kDa subunit
and corresponding oligonucleotides
Peptide Oligonucleotide mixture
Peptide sequence* (5' 31)t
41
A IFTNLYG(R) CCRTAOARI1TOGTRAAOAT (64, -)
76
B ILGEVQ ATOCTOGGOGAIGTOCA (16, +)
ATOTTIGGOGAIGTOCA (8, +)
.K
90
C GAGFPTGLKPGT
......... WSF
153
D AAYIYIR
160
E GEFYNEASNL
175
F EAYEAGLIGK
226
G KPPFPADVGVFG CCIAAOACOCCOACITCOGCO-
GGIAAOGGOGGYTT (256, -)
370
H LIEFYK
387
I TGVDWMNK
E.
4073 AEIDSL(WEIS) AIOGAITCIATYTCOGC (8, -)
AIICTITCIATYTCOGC (4, -)
451
K QQFAQQHQA CARCARTTYGCOCARCAR-
CAYCARGC (256, +)
*The position in the cDNA-derived protein sequence of the first
amino acid of each peptide is indicated. The cDNA-derived se-
quence, if different from the directly determined peptide sequence,
is shown underneath the latter, with identical residues indicated by
dots. Amino acids in parentheses were not used to derive oligonu-
cleotide sequences.
tDegeneracy of the oligonucleotide mixture and the strand polarity
of the sequence are given in parentheses. R = A or G; Y = C or T;
o = IorC.
DEAE-nitrocellulose paper, and then subcloned into the
pBluescript KS(+) vector (Stratagene).
DNA Sequence Analysis. One AgtlO-derived cDNA clone
(pBND51-1) and one Agtll-derived clone (pBND51-2) were
sequenced by the dideoxy chain-termination method (18) as
modified for double-stranded DNA plasmid sequencing (19).
Both strands of each clone were fully sequenced using 25
synthetic primers, Sequenase (version 1.0, United States
Biochemical), and [5'-[a-35S]thio]dATP. In some cases dITP
and ddITP were used instead of dGTP and ddGTP, respec-
tively, to reduce compression in the sequencing gels.
RNA and DNA Analysis. RNA was isolated from bovine
tissues, fractionated by electrophoresis through 1.5% agar-
ose/2.2 M formaldehyde gels, transferred from the gels onto
Zeta-Probe nylon membranes (Bio-Rad) by electroblotting,
and hybridized with the insert of pBND51-1, 32P-labeled by
random priming, essentially as described (7). HeLa cell DNA
was digested with several restriction endonucleases, electro-
phoresed in a 0.7% agarose gel, denatured, transferred by
capillarity onto a Zeta-Probe nylon membrane, and hybrid-
ized with the 32P-labeled insert of pBND51-2, as described
(7), except that hybridization was carried out at 68°C in 5 x
standard saline citrate.
Data Analysis. DNA sequences were analyzed, and the
protein sequence of the 51-kDa subunit was compared with
those in the Protein Identification Resource data base (Na-
tional Biomedical Research Foundation, release 26) by the
computer programs in DNA-MASTER (written by Tim Hunka-
piller). Hydrophobicity analysis was done using the program
SOAP (20).
RESULTS
Isolation and Sequencing of the cDNA Clones Encoding the
51-kDa Subunit. Screening of 400,000 plaques from a AgtlO
bovine brain library and 200,000 plaques from a Agtll bovine
heart library with an oligonucleotide mixture corresponding
to peptide sequence K (Table 1) yielded 22 putative positive
clones (17 from the AgtlO library and 5 from the Agt1l library).
These clones were purified to homogeneity, and the AgtlO
clones were rescreened with oligonucleotide mixtures corre-
sponding to peptides G and J.
Five AgtlO library clones hybridized strongly with all three
oligonucleotide mixtures. Two of them, which contained
inserts of identical size [P1300 base pairs (bp)], were further
analyzed. The 1300-bp insert was subcloned into the pBlue-
script KS(+) vector (to give pBND51-1) and then sequenced
completely on both strands by use of synthetic oligonucleo-
tide primers (Fig. 1). The sequence revealed a 1325-bp insert
containing a poly(A)-addition signal (21) at position 1288,
followed by a 19-residue poly(A) tail 17 bp downstream from
the signal. The insert contained a reading frame of 415 amino
acids, which included all the peptide sequences obtained by
direct sequencing of the 51-kDa subunit, except peptide
sequence A (IFTNLYG).
The above data suggested that pBND51-1 lacked a 5'
segment of the desired cDNA. Thus, oligonucleotide mix-
tures corresponding to the most NH2-terminal peptide se-
quence (B) and to the missing peptide sequence (A) were used
to rescreen the five positive Agtll clones. One clone hybrid-
ized with both oligonucleotide mixtures, and its insert was
isolated, subcloned into the pBluescript KS(+) vector (to
give pBND51-2), and sequenced as described above.
pBND51-2 was found to contain an insert of 1555 bp, en-
compassing a reading frame of 490 amino acids. This reading
frame contains the missing peptide sequence A at amino acid
positions 67-74; furthermore, a potential initiation codon
exists at amino acid position 27 and a termination codon at
position 490. The nucleotide sequence of the insert of
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FIG. 1. Sequencing strategy for the inserts of the 51-kDa-subunit
cDNA clones. The inserts of pBND51-1 and pBND51-2 have been
aligned on the basis of the cDNA-derived protein sequences. The
scale above the cDNA inserts indicates the position in base pairs (bp)
relative to the 5' end of the pBND51-2 insert. In the two inserts, the
black bar represents the protein-coding region; the open bar, a 3'
untranslated region; the hatched bar, a sequence unrelated to the
51-kDa cDNA; the open bar with dashed contour, a segment of
reading frame of uncertain significance; and the lines, portions of the
clones pertaining to the poly(A) tails. The arrows represent the
direction and extent of sequencing from the indicated sites. The black
blocks at the origins of the arrows represent the positions of
hybridization of the synthetic oligonucleotide primers used for
sequencing. E, EcoRI.
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pBND51-2 from nucleotide 258 to the 3' end is identical to
that of the insert of pBND51-1 from nucleotide 34 to the 3'
end, except for an extra 4 nucleotides in the nontranslated
region immediately upstream of the poly(A) tail and an extra
adenine residue in this tail. Correspondingly, the reading
frame ofpBND51-2 from amino acid residue 87 to residue 490
matches perfectly that of the reading frame of pBND51-1
from residue 12 to residue 415. Upstream of nucleotide 258,
the sequence of the insert of pBND51-2 diverges completely
from that of pBND51-1. The latter contains an extra 33 bases
encoding 11 amino acids that have no similarity to the
corresponding region of the reading frame of pBND51-2. It
seems very likely that this segment was incorporated into
pBND51-1 as a result of a cloning artifact. In Fig. 2, the
complete sequence of the insert of pBND51-2 is shown, and
the divergent sequences present in pBND51-1 are indicated.
In numbering the amino acids of the reading frame, the
methionine at position 27 in pBND51-2 was chosen as NH2-
terminal amino acid (see Discussion).
Identiication of the 51-kDa-Subunit mRNA in Various
Bovine Tissues. RNA transfer hybridization analysis of total
RNA from bovine tissues, utilizing the insert from pBND51-1
as a probe, revealed in each case a single hybridizing RNA
species (Fig. 3) with an estimated size of ~-1650 nucleotides.
The intensities of the bands indicated a widely varying level
of expression of the 51-kDa gene in different tissues. From a
densitometric analysis of the autoradiograms it was estimated
that the concentration of 51-kDa mRNA in heart RNA is
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FIG. 3. RNA transfer hybridization analysis of bovine tissue
RNAs. Samples of total RNA (20 A&g) from various tissues were
electrophoresed, electroblotted, and hybridized with the 32P-labeled
insert of pBND51-1. The positions of migration of 28S and 18S rRNA
and commercial RNA markers (Kb, kilobases) are indicated. The
estimated size of the 51-kDa mRNA is 1650 nt. Lanes: K, kidney; H,
heart; L, liver; B, brain.
15-fold, in kidney RNA -4-fold, and in brain RNA -=2-fold
higher than in liver RNA.
Southern Blot Analysis of Humnan Genomic DNA. A South-
ern blot analysis of human genomic DNA digested with
seven different restriction enzymes, utilizing the 32P-labeled
insert of pBND51-2 as a probe, revealed simple patterns that
consisted of one band (EcoRV and Ssp I), or two bands
(EcoRI, Egi II, Kpn I, and Pvu II), or three bands (Hind111)
1 AATGGCGGCCGGTTAGTAACGCGCCGCTCTTCCCCACCGGiCGCGAGCGTCCGGGCCCCGG 120
-26 N S R L S L RA V KVTIAC H WL A FP P P I PA ML A A RRL L GG S L P A 14
pBND51 -1 AATTCCGGCGGGGCTG
I P AG L
121 CGTTTTCATACGGCCAACCCAAACTATGCCCGAGCAGCGACTACACGAGCGCTATGGCTA
15 R V S V R F S G D T T A P K K T S F G S L K D E D R I F T N L Y C R H D W R L K
240
54
GTGTCCGTCTGTCTGGAT....
V SV CL D
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FIG. 2. Nucleotide sequence and derived amino acid sequence of the cDNAs encoding the 51-kDa subunit of NADH dehydrogenase. The
complete sequence derived from the insert of pBND51-2 is shown, and the divergent sequences present in the insert of pBND51-1 are indicated.
The amino acid sequence is numbered starting from the methionine residue at position 27 (arrow). The putative initiator codon ATG, the
terminator codon TGA, and the poly(A)-addition signal are underlined in the nucleotide sequence; the directly determined peptide sequences
identical to the cDNA-derived protein sequences are underlined in the amino acid sequence. Cysteine residues forming the putative binding site
for the iron-sulfur cluster are circled. See text for details.
GAGGCCTACGAGGCTGGTCTGATTGGCAAGAATGCCTGCGGCTCCGGCTACGATTTCGACGTGTTTGTGGTGCGTGGGGCCGGGGCCTACATCTGCGGGGAGGAGACGGCGCTCATCGAG
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FIG. 4. Southern blot analysis ofhuman genomic DNA. Samples
(10 ,ug) ofHeLa cell DNA were digested with one ofseven restriction
enzymes, blotted, and hybridized with the 32P-labeled insert of
pBND51-2. The migration and size (Kb, kilobases) of the HindIII
restriction fragments of A DNA are indicated at the left of the
autoradiogram. Lanes: E, EcoRI; H, HindIII; EV, EcoRV; B, Bgi II;
K, Kpn I; S, Ssp I; P, Pvu II.
(Fig. 4). These results pointed to the existence ofa single gene
for the 51-kDa subunit in the human genome.
DISCUSSION
The protein encoded in the reading frame identified in the
pBND51 clones contains all the partial protein sequences
determined for 11 internal tryptic peptides of the isolated
51-kDa subunit, and it is therefore very probably the 51-kDa
subunit itself or its precursor. The single amino acid diver-
gences at the last position ofpeptide B and at the first position
of peptide I are probably explained by ambiguity in amino
acid sequencing. The divergence at the last three positions of
peptide C cannot be easily accounted for by DNA or protein
sequencing mistakes and is therefore likely to reflect a true
gene polymorphism. The whole reading frame contained in
the pBND51 clones encompasses 490 amino acids. However,
it is likely that the methionine at the 27th position is the
NH2-terminal amino acid. Several observations point to this
conclusion. The molecular mass of the protein from the first
methionine residue, taken as residue 1, to the termination
codon after residue 464 is 50,749 daltons. If no cleavable
presequence existed in this protein, the estimated mass ofthe
mature protein would be in agreement with that derived from
the electrophoretic mobility of the 51-kDa subunit in SDS/
polyacrylamide gels (5). The stretch corresponding to the first
20 amino acids after the methionine residue has structural
features consistent with its being an import signal sequence
(22). In fact, it is relatively rich in positively charged amino
acids (arginines) and hydroxylated amino acids and devoid of
acidic amino acids or extended hydrophobic stretches. When
plotted on a "helical wheel" (23), most of the positive
charges are clustered on one side, whereas uncharged and
hydrophobic residues are clustered on the opposite side,
forming a reasonable amphipathic helix (24). No information
has been obtained in the present work as to whether this
potential targeting sequence is cleaved to generate the mature
protein. However, if cleavage occurred after the phenylala-
nine residue at position 20, in agreement with the reported
preferential occurrence of an arginine residue at position -2
relative to the cleavage site (22), the mature protein would
have a molecular mass of 48,599 daltons. Although this mass
is lower than expected from the observed electrophoretic
mobility of the 51-kDa subunit in SDS/polyacrylamide gels,
it should be noted that in a different gel system (urea/SDS/
polyacrylamide), this subunit has been found to migrate very
similarly to the 49-kDa subunit of the iron-protein fragment
of the bovine NADH dehydrogenase (25), which has a
molecular mass of 49,175 Da (8). The calculated amino acid
composition of the cDNA-encoded protein is in very good
agreement with that directly determined for the 51-kDa
subunit (5), independently of whether the methionine residue
or the serine at position 21 is considered as the NH2-terminal
amino acid of the mature protein (data not shown). There-
fore, on the basis of the data available here, the nature of the
NH2 terminus of the 51-kDa subunit remains undecided.
A hydropathy plot of the 51-kDa subunit sequence failed to
reveal a hydrophobic stretch of sufficient length to be folded
into a membrane-spanning a-helix (Fig. 5). This observation is
consistent with the evidence from radiolabeling and crosslink-
ing experiments (26) and from immunochemical experiments
(27) that indicates that this subunit is not transmembranous but
is only partially embedded in the membrane, being exposed
largely on the matrix side of the membrane.
The NADH-binding site of the bovine respiratory-chain
NADH dehydrogenase has been localized to the 51-kDa
subunit by photoaffinity labeling (28). An examination of the
sequence of the pBND51 cDNA-encoded protein (Fig. 2)
reveals indeed a cluster of glycine residues with a sequence
consistent with the motifGXGXXGXXXG (residues 87-96).
This motif has been identified as a highly conserved sequence
within a paf3 dinucleotide-binding fold common to the
NAD(H)-binding domains ofmany enzymes (29). The 51-kDa
subunit has also been reported to carry one [4Fe-4S] cluster
(30). An examination of the 51-kDa cDNA-encoded protein
sequence reveals 12 cysteine residues. In particular, there is
a cluster of cysteine residues with the sequence CXXCXXC
(residues 379-385), a motif that has been shown to occur in
[4Fe-4S] ferredoxins (31).
A search of the Protein Identification Resource data base
for protein sequences having similarity to the 51-kDa protein
revealed a striking 32% amino acid identity of this protein to
a major portion of the a subunit of the soluble NAD+-
reducing hydrogenase from A. eutrophus H16 (10) (Fig. 6).
This enzyme, which produces energy from hydrogen oxida-
tion, consists of four subunits, of which the largest (a
subunit), of 66.8 kDa, contains an NAD+-binding site, FMN,
and one [2Fe-2S] cluster (10). A sequence comparison of this
subunit with the bovine 51-kDa subunit shows several
stretches of high similarity. Among these, a stretch encom-
passing 17 amino acids with 88% sequence identity (residues
83-99; Fig. 6) corresponds to the NADH-binding domain of
the 51-kDa subunit that was mentioned above. Another
stretch, encompassing 31 amino acids (residues 200-230)
with 81% sequence identity, two of the six amino acid
substitutions being conservative (Fig. 6), contains a group of
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FIG. 5. Hydropathy plot of the 51-kDa subunit of the bovine
NADH dehydrogenase (from residue -27 to residue 464). A window
of 11 residues was used.
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M4LARRLLGGSLPARVSVRFSGDTTAPKKTSFGSLKDEDRIFTNLYGRHDWRLKGA QSRGD WYKTK
..FTRLRPGKI TDIIAQLKQGRSPAEIANPAGLPSQDIAYVDAMVESNVRTKGPVFFRGRTDLRSLLD
EILLKGPDWILGEVK1 GLRGRGGAGFPTGLK SFMNKPSDGRPKYLW.NADEGEPGTCKDREIIRHDP
QCLLLKPEQVIETI SRLRGRGAGFSTGL LCRDAESEQKYVICNADEGEPGTFKDRVLLTRAP
Bovine 51 kDa HKLVEGCLVGGRAMGARAAYIYIRGEFYNEASNLQVAIREAYEAGLIGKNACG SGYDFDVFVVIAGA
A.e. a-Hox S KKVFVGMVIkAYAIGCRKGIVYLRGEYFYLKDYLERQLQELREDGLLGRAIGGRAGFDFDIRIQ, GAG
Bovine 51 kDa YICGEETALIESIEGKQG'KPRKPPFF DVGVFGCPTTYANVETVAVSPTICRRGGAWFASFGRERNSG
A.e. a-Hox S YICGDESALIESCEGKRGTPRVKPPQG YLGKPTSVNNVETFkAVSRIMEEGADFRANGTPDSAG
Bovine 51 kDa TKLFNISGHVINPCTVEEEMSVPLKELIEKHAGGVTGGWDNLLAVIPGGSSTPLIPKSVCETVLMDFDA
A.e. a-Hox S TRLLSVAGDCSKPGIYEVEWGVTLNEVL AMVGARDARAVQISG PSGECVSVAKDGER
Bovine 51 kDo LIQAQTGLGTAAVIVMDRSTDIVKAIARLIEFYKITPCRE VDWMNKVMARFVRGDARPAEI
A.e. a-Hox S KLAYEDLSCNGAFTIFNCKRDLLEIVRDHMQFFVm SCGICVPCRA VDLHRKVE WVIAGKACQKDL
Bovine 51 kDa DSLWEISKQIEGHTICALGDGkAWPVQGLIRHFRPELEERMQQFAQQHQARQAAF
A.e. a-HoK S DDMVSWGALVRRTSRCGLGATSPKPILTTLEKF PEIYQ NKLVRHEGPLLPSF..
FIG. 6. Sequence comparison between the 51-kDa subunit of the bovine NADH dehydrogenase and the a subunit ofthe A. eutrophus soluble
NAD+-reducing hydrogenase (A.e. a-Hox S). The sequences corresponding to the putative NADH/NAD+-binding domain, the possible
FMN-binding site, and the putative binding site for an iron-sulfur cluster are boxed. Identical residues are indicated by dots above the letters.
The first 132 residues and the last 21 residues of the a subunit are not shown.
conserved glycine residues and may represent the FMN-
binding site (32). Still another stretch, of 12 amino acids
(residues 377-388) with 70% sequence identity, contains the
above-mentioned CXXCXXC sequence, which may be the
binding site for an iron-sulfur cluster. The striking sequence
similarity between the 51-kDa subunit of the bovine NADH
dehydrogenase and the a subunit of A. eutrophus soluble
NAD+-reducing hydrogenase strongly suggests that the two
proteins had a common ancestor. It has recently been shown
that the 50-kDa subunit of the Paracoccus denitrificans
NADH dehydrogenase, which is the NADH-binding subunit
ofthe complex, crossreacts with antibodies raised against the
51-kDa subunit of the bovine mitochondrial enzyme and has
similar amino acid composition to the latter subunit (33).
The fact that 51-kDa cDNAs identical in nucleotide se-
quence were isolated from the bovine heart and bovine brain
libraries and the observation that apparently a single mRNA
species for this protein is expressed in the four tissues
examined are consistent with the possibility that there is a
single gene for the 51-kDa subunit in the bovine genome. The
simple patterns observed in the Southern blot analysis of
genomic human DNA are in keeping with this possibility. A
wide variation in the steady-state levels of 51-kDa mRNA,
which parallels that reported for the 24-kDa subunit of the
flavoprotein fragment of the bovine NADH dehydrogenase
(7), has been observed in different bovine tissues.
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